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0 Aluminlde processing of articles protected by a thermal barrier coating system. 



0 An aluminide coating is applied to a portion of 
the surface of an article that already has a thermal 
barrier coating system in place over another portion 
of its surface. The portion of the surface to be 
coated is contacted, at elevated temperature, with an 
aluminide coating source material that is a mixture of 



from about 18 to about 45 weight percent of a 
metallic source of aluminum and the balance ce- 
ramic particles. The metallic source of aluminum 
may be pure aluminum or an aluminum-containing 
alloy. No halide activator is present In the aluminide 
coating source material. 
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This invention relates to nickel-based and co- 
balt based superalloys, and, more particularly, to 
coatings that are applied to such superalloys to 
protect thenr) fr m oxidation and corrosion damage. 

Aircraft gas turbine (jet) engines operate by 
drawing air into the front end of the engine, com- 
pressing it, mixing the compressed air with fuel, 
and igniting the mixture in a combustor to form a 
hot exhaust gas. The exhaust gas passes through a 
turbine which drives the air compressor, and exits 
the back end of the engine to generate thrust that 
drives the engine and aircraft forward. Those por- 
tions of the engine contacted by the hot exhaust 
gas are repeatedly cycled to both high tempera- 
tures and high stresses during service of the en- 
gine. 

There Is a continuing effort to achieve ever- 
higher operating temperatures in the combustor, 
turbine, and exhaust sections of the engine, be- 
cause higher operating temperatures lead to in- 
creased engine efficiency. At the present time, 
operating temperatures can exceed 2000°F, One 
primary approach to the attaining of Increased op- 
erating temperatures has been the introduction and 
refinement of nickel-based and cobalt-based alloys, 
termed "superalloys" in the art, that are strong at 
high operating temperatures and resist progressive 
d formation called creep and cyclic deformation 
called fatigue during extended service. 

Although the superalloys exhibit excellent me- 
chanical properties at elevated temperatures, they 
are subject to severe degradation by oxidation and 
hot corrosion during service. The hot exhaust gas- 
es, which may Include large amounts of salts as 
well as combustion products, are particularly dam- 
aging to the metal alloys, and can quickly corrode 
and erode the metal away. Many parts of the hot 
s ctions of the engine require the maintaining of 
tight tolerances in order to be effective, and loss of 
substantial amounts of metal by hot gas corrosion 
and erosion leads to reduction of engine perfor- 
mance. 

Since hot corrosion and erosion occur primarily 
at surfaces exposed to the hot combustion gas. a 
number of different types of surface treatments 
have been developed to resist the surface damage. 
In one approach, a coating is applied to the sur- 
face. The coating material is selected to be resis- 
tant to hot oxidation, corrosion, and erosion. It also 
must be selected and applied in such as way as to 
resist cracking and flaking away (termed "spelling") 
during repeated thermal cycles from ambient tem- 
perature to the operating temperature. 

One class of protective coating, termed a 
"thermal barrier coating (or TBC) system" in the 
art, is formed of on , two or mor layers, on on 
top of the other in the multilayer cases. In one TBC 
system having two layers, the bottom layer or bond 



coat adjacent the superalloy substrate to be pro- 
tected is an MCrAlY alloy. The top lay r or top coat 
Is a ceramic, typically formed of modified zirco- 
nium oxid that r sists erosion damage and also 

5 insulates the superalloy substrate. 

A number of techniques for applying the ther- 
mal barrier coating system to an article are known 
in the art. In one such approach presented as an 
example, the bond coat is applied by a pack 

10 cementation process in which the surface of the 
article Is contacted at elevated temperature to a 
mixture of inert particles, a small amount of an 
aluminum-containing alloy, and a halide activator 
material. The bond coat is formed by interdiffuslon 

15 of the aluminum from the aluminum-containing al- 
loy and the nickel in the article, after which the 
upper surface of the bond coat is oxidized. Plasma 
spray processes are also sometimes used to de- 
posit the bond coat. The ceramic top coat layer is 

20 applied by physical vapor deposition or other ce- 
ramic deposition technique such as plasma spray 
deposition. 

Thermal barrier coating systems work well, and 
achieve good performance in a variety of hot sec- 

25 tlon applications. 

A problem arises, however, because once the 
thermal barrier coating system is in place on the 
surface of an article, it is difficult to coat other 
portions of the surface with an aluminide. Such a 

30 situation arises in various contexts. Thus, for exam- 
ple, if an article is first coated with the thermal 
barrier coating and there arises a need to drill a 
hole in the article or machine away a small region 
of the surface, the result is an exposed portion that 

35 has no coating protection. In another example, if an 
article having a thermal barrier coating system in 
place is joined to another article, the region near 
the joint has no protective coating. Rnally, in a 
common situation the thermal barrier coating may 

40 be damaged during use. and a repair is necessary 
to a relatively small area of the article. 

If the conventional pack cementation approach 
to applying the bond coat Is used on an article that 
already has a thermal barrier coating system in 

45 place over another portion of the surface, the exist- 
ing TBC material is observed to crack so that little 
or no service life remains in the thermal barrier 
coating. If that portion is repaired, then other re- 
gions of the TBC coating similarly fail. 

50 There is a need for an approach for applying 

an aluminide coating layer to an article which has 
an existing TBC system In place over some other 
portion of the surface of the article. The approach 
must be compatible with existing manufacturing 

55 and/or repair techniques and must produce an ac- 
ceptabl nickel or cobalt aluminide coating on the 
surface of th article. Th present inv ntion fulfills 
this need, and further provides related advantages. 
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The present invention provides a process for 
applying an aluminide coating to an unprotected 
portion of the surface of an article that already has 
a ceramic protective coating, such as a thermal 
barrier coating, pr s nt over some other protected 
portion. The aluminide coating is applied without 
damaging the ceramic coating that is already in 
place on the protected portion of the surface. The 
process is fully compatible with existing manufac- 
turing and/or repair procedures. 

In accordance with the invention, a process for 
providing an aluminide coating on the surface of an 
article comprises providing an article having a ther- 
mal barrier coating over a portion of the surface of 
the article; and contacting at least the uncoated 
portion of the surface of the article with an al- 
uminide coating source material, the aluminide 
coating source material comprising a mixture of 
from 18 to 45 percent by weight of a metallic 
source of aluminum and the balance ceramic par- 
ticles, the aluminide coating source material having 
substantially no halide activator therein. 

In practicing the approach of the invention, the 
article already having a thermal barrier coating in 
place over the coated portion of the surface is 
contacted with the aluminide coating source ma- 
terial, at least in the uncoated portion to be coated, 
at a sufficiently high temperature that interdiffusion 
occurs between free aluminum from the source 
material and the surface to be protected. The al- 
uminide coating source material is a mixture of 
ceramic particles, preferably aluminum oxide, and 
a metallic source of aluminum. The metallic source 
of aluminum is present in the aluminide coating 
source material in an amount of from 18 to 45 
weight percent of the total mixture. There is no 
halide activator present. 

The present approach differs from established 
pack cementation practice for applying a nickel 
aluminide coating to a completely uncoated surface 
in two important respects. First, In the present 
approach the metallic source of aluminum is 
present in an amount of 18-45 percent of the total, 
and preferably 20-40 percent, while in the conven- 
tional approach for depositing a coating by pack 
cementation on a nickel substrate the metallic 
source of aluminum is present in an amount of only 
1-5 percent of the total. Second* in the present 
approach there is no halide present to act as an 
activator for the process, while on the order of 0.1 
percent of a halide such as ammonium fluoride is 
present in the conventional approach. It is found 
that if the conventional approach is used to apply a 
nickel aluminide coating to the surface of an article 
that already has a TBC system in place, the proce- 
dure is unsuccessful because a portion of the exist- 
ing TBC system spalls away while the new coating 
is in progress. The present approach, on the other 



hand, is fully successful in applying a nickel al- 
uminide coating to an article that already has a 
TBC system In place. 

Other features and advantages of the invention 
5 will be apparent from the following more detailed 
description of the preferred embodiments, taken in 
conjunction with the accompanying drawings, 
which illustrate, by way of example, the principles 
of the invention. 
10 Figure 1 is a side elevational view of an article 
with a thermal barrier coating system in place 
over a portion of its surface; 
Figure 2 is a side elevational view of the same 
region shown in Figure 1, during pack cemen- 
ts tation of the uncoated portion; 

Figure 3 is a side elevational view of the same 
region shown in Figure 2. after the process is 
complete; 

Figure 4 is an enlargement of the newly coated 

20 region of Figure 3; and 

Figure 5 is a side elevational view of a region 
like that of Figure 1, except after pack cemen- 
tation by a conventional procedure. 
In accordance with the invention, a process for 

25 providing an aluminide coating on the surface of an 
article comprises providing an article having a ther- 
mal barrier coating system overiying at least a 
portion of the surface of the article; subjecting the 
article to conditions such that, after the step of 

$0 subjecting, an uncoated portion of the surface of 
the article has no thermal barrier coating system 
thereupon; and coating at least the uncoated por- 
tion of the surface of the article with an aluminum- 
containing coating by contacting the uncoated por- 

35 tion with an aluminide coating source material at 
elevated temperature so that the uncoated portion 
of the surface is aluminided by diffusion, without 
damaging the thermal barrier coating on the re- 
mainder of the article. 

40 The need for the use of the approach of the 

invention usually arises when an article 20, that Is 
protected by a thermal barrier coating system, is 
subjected to some condition or processing that 
removes a part of the thermal barrier coating sys- 

45 tem. The newly exposed surface must then be re- 
protected or it may serve as the initiation site for 
premature failure during service. The existing struc- 
ture of the article 20 will be described with refer- 
ence to Figure 1 as an aid in understanding the 

50 area of applicability of the present invention. 

The article 20 initially includes a substrate 22 
with a coated surface 24. The article 20 may be a 
nickel-based or a cobalt-based superalloy that has 
a substantial nickel content. An example nickel- 

55 based superalloy with which the present invention 
has been used is Hastelloy X, which has a com- 
position in weight p rcent of 0.05-0.1 0 percent car- 
bon. 1 .0 percent maximum manganese, 1 .0 p rcent 



5 



EP 0 496 935 A1 



6 



maximum silicx)n. 0.04 percent maximum phos- 
phorus, 0-03 perc nt maximum sulfur. 20.5-23.0 
percent chromium, 0.5-2.5 percent cobalt, 8.0-10.0 
percent molybdenum, 0.20-1.0 percent tungsten, 
17.0-20.0 percent iron, 0.008 percent maximum 
boron, remainder nickel. The coated surface 24 has 
an overlying bond coat 26. The bond coat 26 is 
preferably an MCrAlY alloy or a nickel aluminide 
intermetallic compound of the form NiAl, but may 
be alloyed with modifiers such as platinum or rho- 
dium which are known to aid environmental resis- 
tance. A top surface 28 of the bond coat 26 is 
normally oxidized to form a thin aluminum oxide 
layer that Is not depicted as a separate layer in 
Rgure 1. It will be understood that there can be a 
diffusional gradient between the bond coat 26 and 
the substrate 22. even though there is shown a 
sharp line between the two for illustrative purposes. 

Overlying the bond coat 26 is a top coat 30. 
The top coat 26 is preferably zirconium oxide with 
from 6 to 20 weight percent yttrium oxide therein. 
Th top coat may also be modified with other 
alloying elements, and may be deposited so as to 
have a particular grain structure. Deposition of the 
top coat 30 is normally by physical vapor deposi- 
tion or other process capable of depositing ceram- 
ics such as plasma spraying. The bond coat 26 
and the top coat 30 together constitute the thermal 
barrier coating system 32. 

The article 20 with the thermal barrier coating 
system 32 in place on its surface 24 may be 
subjected to any of several types of conditions 
wherein the thermal barrier coating system 32 is 
disrupted. In the illustration of Figure 1, a hole 34 
has been drilled into the article 20. This hole might 
have a flat bottom, as illustrated, or might connect 
with sub-surface cooling passages in a typical tur- 
bine blade application. The hole has sides 36, 
which after drilling are uncoated and therefore un- 
protected from environmental damage such as oxi- 
dation and hot corrosion in the hot combustion gas 
stream. 

Uncoated regions in the previously coated arti- 
cle 20 can be formed in many other ways. One is 
intentional machining of the surface of the article. 
Another Is a joining process wherein the joined 
region has no ceramic coating or TBC. Another is 
service damage such as foreign impact damage 
due to impact, for example, a stone bruise caused 
when a small stone is ingested into the engine 
during service. Many other situations that disrupt 
the thermal barrier coating system 32 can be imag- 
ined. The present Invention will be discussed in 
r lation to the bored hole example of Figure 1 , but 
its principles are equally applicable to the other 
situations. 

To coat the sides 36 of the hole, an aluminide 
coating source material is first prepared. The al- 



uminide coating source material is preferably a 
mixture of two components. One Is a ceramic, 
preferably aluminum oxide. The ceramic is prefer- 
ably furnished as particles having a size of less 

5 than about 44 micrometers (i.e., passing through a 
-325 mesh screen). The other component is a 
metallic source of aluminum, preferably aluminum 
powder. The metallic source of aluminum may be 
other types of metallic powders, such as an alloy of 

70 50-70 weight percent titanium, 20-48 weight per- 
cent aluminum, and 0.5-9 weight percent carbon, or 
any other metallic carbide alloy. The metallic 
source of aluminum is preferably fumished as a 
mixture made up primarily of particles having sizes 

15 that range from 45-150 micrometers, but smaller 
and larger sizes are also permitted. The metallic 
source of aluminum is present in an amount of 
from about 20 to about 40. preferably 30 weight 
percent of the aluminide coating source material, 

20 with the balance being the ceramic powder, prefer- 
ably aluminum oxide. The ceramic and metallic 
source of aluminum can also be furnished in the 
form of a tape carrying the components or a liquid 
suspension of the components, or any other useful 

25 form. 

There is no halide activator present or used in 
the aluminide coating process. Halide activators 
such as aluminum chloride or ammonium fluoride 
have been commonly used in pack cementation 

30 processes for forming aluminide layers in the past, 
but it has been discovered that their presence 
during the aluminizing operation of the present 
invention is deleterious. 

The aluminide coating source material is con- 

35 tacted to the uncoated surface 36 of the article 20. 
In the approach shown in Figure 2. the entire article 
20 is packed in the mixture of ceramic and alu- 
minum source powders, as indicated at numeral 
37. If more convenient, the mixture of powders can 

40 be applied just to the region to be coated. 

After the aluminide coating source material is 
contacted to the uncoated surface, the article 20 
and powder mixture are heated to a temperature 
sufficiently high that there is an interdiffusion be- 

45 tween the source of aluminum and the substrate 22 
at its surface. An example of a diffusion tempera- 
ture is 1 079.4 'C (1975*F). The operation is prefer- 
ably conducted in an inert atmosphere such as 
argon, but also may be conducted in a reducing 

50 atmosphere such as hydrogen. At this temperature, 
aluminum deposits onto the substrate 22, and nick- 
el diffuses outwardly, forming a layer of a nickel- 
containing aluminide that may be modified by other 
alloying elements present in the aluminum source 

55 material or the substrate. A protective layer 38 is 
thereby formed at th previously unprot ct d sur- 
fac 34. Figure 2 illustrates the protective layer 
during formation before it reaches its full thickn ss. 
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The protective layer 38 is desirably on the order of 
(0.0015 to 0.0025 Inch s) 0.0381 to 0.0635mm 
thick at the completion of the processing. A diffu- 
sion treatment of 1079.4* C (1975* F) for 4 hours Is 
preferred to attain that thickness. 

Figure 3 illustrates the article 20 after the al- 
uminide coating source material has been re- 
moved. The article 20 retains the thermal barrier 
coating system 32 on its surface 24, which was 
present prior to the processing of the invention. 
The existing coating system 32 Is undamaged and 
unaffected by the treatment. Additionally, it has the 
protective alumlnlde layer 38 on the previously 
unprotected sides 36 and bottom of the hole 34. 
Tests have shown that a satisfactory protective 
layer 38 may be formed to the bottom of holes 
having a length of up to fifteen times that of the 
diameter. A similar newly formed protective layer 
38 is present on any and all other previously un- 
protected surfaces that were contacted by the al- 
umrnide coating source material and treated as 
described previously. In some instances, It may be 
desirable to apply a top coat over the protective 
layer 38, but that would not normally be done in 
the interior of holes. 

Figure 4 illustrates the structure of the protec- 
tive layer 38 on substrate 22 in greater detail. 
When the substrate 22 Is a nickel-based superal- 
loy, the protective layer 38 may include an outer 
layer 40 of ceramic (aluminum oxide) particles 42 
embedded in Interdiffused layer 44 of aluminum, 
nickel, and other elements that may be present. 
When the substrate 22 is a cobalt-based superal- 
!oy, the protective layer 38 may Include an outer 
layer 40 of ceramic (aluminum oxide) particles 42 
embedded in interdiffused layer 44 of aluminum, 
cobalt, and other elements that may be present. 
(The particles 42 are present in the pack mixture, 
and remain in the interdiffused region of the protec- 
tive layer 38.) An outer surface 46 of the layer 44 is 
normally oxidized to form an aluminum oxide layer. 
The outer surface 46 of the layer 44 is normally 
moderately rough, because of the presence of the 
particles 42 at the surface. When the substrate is a 
nickel-based superalloy, an inner layer 48 is inter- 
diffused aluminum, nickel, and other elements that 
may be present, and when the substrate is a 
cobalt-based superalloy, an inner layer 48 is inter- 
diffused aluminum, cobalt, and other elements that 
may be present. The layer 44 and inner layer 48 
together include a region of aluminide that is in- 
strumental in forming the aluminum oxide surface 
layer and the diffusion barrier to inward diffusion of 
elements from the combustion gas into the sub- 
strate 22. 

It has been known in the past to utilize pack 
cementation techniques to apply a bond coat or 
nickel aluminide layer to the surface of an article. 



These techniques are disclosed, for example, in US 
- A - 3.415.672: 3.540.878: 3.598,638: 3.617.630: 
and 3,718,962. 

In these techniques, a mixture of an aluminum- 

5 containing metallic alloy, aluminum oxide powder, 
and a halide activator is contacted at elevated 
temperature to the surface of the article to be 
treated, resulting in an interdiffusron of the 
aluminum-containing alloy and the surface of the 

10 article. The result Is a nickel aluminide surface 
coating. 

When such an approach is used in an attempt 
to provide a protective layer on an article that has 
been previously coated with a thermal barrier coat- 

75 ing system, the result is as depicted in Figure 5. 
The protective layer 38 is achieved, but the top 
coat 30 portion of the thermal barrier coating sys- 
tem 32 is completely disrupted and made useless 
as a protection against oxidation and corrosion 

20 damage to the article. The difference with this 
conventional approach and the present approach is 
found in two areas. First, the common practice of 
the conventional approach is to utilize a very small 
amount of aluminum in the aluminide coating 

25 source material, typically on the order of about 3 
percent by weight, when the coating is applied to 
nickel-based alloys. The present approach utilizes 
about 20-40 percent by weight. Second, the con- 
ventional approach requires the inclusion of at least 

30 0.1 percent by weight of the halide activator, while 
the present approach utilizes no halide activator. 
(Pack cementation mixtures for cobalt alloys may 
have as much as 40 weight percent of the source 
mixture, but use an activator.) 

35 

Claims 

1. A process for providing an aluminide coating 
on the surface of an article, comprising: 

40 providing an article having a thermal bar- 

rier coating over a portion of the surface of the 
article; and 

contacting at least the uncoated portion of 
the surface of the article with an aluminide 

45 coating source material, the aluminide coating 

source material comprising a mixture of from 
18 to 45 percent by weight of a metallic source 
of aluminum and the balance ceramic particles, 
the aluminide coating source material having 

50 no halide activator therein. 

2. A process for providing an aluminide coating 
on the surface of an article, comprising: 

providing an article having a thermal bar- 
55 rier coating over a portion of the surface of the 

article; and 

contacting at least the uncoated portion of 
the surface of the article with an aluminide 



5 




coating source material, the aluminide coating 
source material comprising a mixture of from 
20 to 40 percent by weight of a metallic source 
of aluminum and the balanc ceramic particles, 
the aluminide coating source material having 
no hallde activator therein. 

3. The process of claim 2, wherein the article is 
made of a nickel-based superalloy. 

4. The process of claim 2, wherein the metallic 
source of aluminum is aluminum metal and a 
metal carbide alloy, an aluminum-containing 
alloy or is in the form of an aluminum-contain- 
ing liquid, and the ceramic particles are alu- 
minum oxide particles. 

5. The process of claim 2, wherein the metallic 
source of aluminum is about 30 percent by 
weight of the aluminide coating source ma- 
terial. 



surfac of the article. 

10. The process of claim 7, wherein the step of 
subjecting includes processing the artici in a 

5 manufacturing operation that results in a por- 

tion of the surface of the article having no 
thermal bam'er coating system thereupon. 

11. The process of claim 10, wherein the step of 
10 processing involves removing a portion of the 

surface of the article to create new, uncoated 
surface. 

12. The process of claim 10, wherein the step of 
75 processing includes the step of joining of the 

article having the thermal barrier coating sys- 
tem to another article. 



20 



6. The process of claim 2. wherein the metallic 
source of aluminum is in the form of a powder. 

25 

7. A process for providing an aluminide coating 
on the surface of an article, comprising: 

providing an article having a thermal bar- 
rier coating system overlying at least a portion 
of the surface of the article; 3o 

subjecting the article to conditions such 
that, after the step of subjecting, an uncoated 
portion of the surface of the article has no 
thermal barrier coating system thereupon: and 

coating at least the uncoated portion of the 35 
surface of the article with an aluminum-contain- 
ing coating by contacting the uncoated portion 
with an aluminide coating source material at 
elevated temperature so that the uncoated por- 
tion of the surface is aluminided by diffusion. 4o 
without damaging the thermal barrier coating 
on the remainder of the article. 



8. The process of claim 7, wherein the step of 

coating is accomplished by contacting at least 45 
the uncoated portion of the surface of the 
processed article with an aluminide coating 
source material comprising a mixture of from 
20 to 40 percent by weight of a metallic source 
of aluminum and the balance ceramic particles, so 
the aluminide coating source material having 
no halide activator therein. 



9, The process of claim 7, wherein the step of 

subjecting includes placing the article into ser- 55 
vie such that a portion of th thermal barrier 
coating system is lost during servic , so that 
the step of coating constitutes a repair of the 
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